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(54) Object recognition apparatus 

(57) This invention relates to an object recognition 
apparatus. This apparatus comprises an antenna (30) 
which emits transmission beams toward a plurality of 
directions; a receiving circuit which receives reflected 
signals of the transmission beams from predetermined 
directions; a distance and direction calculation circuit 
(60, 70) which calculates distance and direction to 
objects reflecting the transmission beams based on the 
transmission beams and the reflected signals; an object 
pattern storage unit (80) which stores range direction 

FIG.l 



patterns of reflected signals obtained in advance with 
respect to predetermined objects; an object recognition 
circuit (90) which compares range direction patterns of 
the reflected signals received by the receiving circuit 
with respect to the predetermined directions, with the 
range direction patterns stored in the object pattern 
storage unit (80), and which recognize that a pair of 
reflected signals from two neighboring directions are 
signals reflected by the same object. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the invention 

[0001] This invention relates to an object recognition apparatus that can be used in an automatic driving controller 
suitable for cruising on a highway, for example. In particular, the present invention relates to an improvement of a tech- 
nique for recognizing two or more vehicles driving ahead. 

10 

Description of related art 

[0002] Conventionally, autopilot apparatuses are used in various ships for automatically steering the ships. Such 
autopilot apparatuses are mainly used when ships cruise on the open sea, and when the weather is bad or when run- 

15 ning in difficult locations such as inside harbors; the ships are steered by navigators. 

[0003] Similarly, automatic driving apparatuses for vehicles are now being studyied as is disclosed in Japanese 
Patent Application, First Publication, No. Hei 10-283462. However, because the conditions of roads varies due to the 
environment, and the number of vehicles running on the roads, there are many difficulties in developing an automatic 
driving apparatus for vehicles in comparison to the autopilot apparatuses for ships. 

20 [0004] However, it is difficult for ordinary drivers to maintain concentration when driving vehicles on long and 
monotonous roads such as highways, and it is well known that such monotonous conditions may easily cause snoozing 
during driving. Therefore, in the case such as long-distance drive on a highway, the load on the driver can be decreased 
if vehicles can be driven by automatic driving apparatuses in areas, excluding, entrances and exits on highways. 
. (0005] In addition, when an automatic driving apparatus includes a navigation system using GPS (Global Position- 

25 ing System) geodetic satellites, it is possible to store a driving route in advance in the automatic driving apparatus. In 
this case, because the automatic driving apparatus stores the driving route in advance, by continuously locating the 
present position using the navigation system, it becomes possible to drive the vehicle to the goal if conditions are suit- 
able. 

[0006] Moreover, in the areas where the vehicle density is high in comparison to the vehicle capacity of the roads. 
30,- «uch as in Japan, it is easy to find a preceding vehicle running ahead of the subject vehicle. Therefore, as another type 
of automatic driving apparatus, an automatic driving apparatus for automatically following such a preceding vehicle is 
also studied. In this case, if a suitable preceding vehicle can be found, it becomes possible to perform automatic driving 
without complicated calculation in consideration of other vehicles. 

[0007] As a device for detecting preceding vehicles or obstacles which can be used in those automatic driving 
35 apparatuses, a timesharing type FM radar system using millimeter band waves and a send and receive antenna is pro- 
posed in Japanese Patent No. 2,567.332. This FM radar system receives reflected waves reflected by a preceding vehi- 
cle or an obstacle, measures the distance between the present vehicle and the detected target based on differential 
time between the transmission and the reception of signal, and calculates relative speed with respect to the present 
vehicle based on the Doppler shift of the reflected signal. Furthermore, in this system, by providing a plurality of anten- 
40 nas for emitting a plurality of beams having the same radiation pattern toward a plurality of directions, it is possible to 
detect the direction to the preceding vehicle or the obstacle. 

[0008] In general, behaviors of vehicles such as maximum speeds and decelerating characteristics when braking 
are various due to the kinds of vehicles, for example, trucks or passenger cars. Therefore, it is desirable when perform- 
ing automatic driving to detect the kinds of vehicles ahead. However, the above-mentioned radar system can detect 
45 only a vehicular gap, a relative speed, and direction to the preceding vehicle, and there is a problem that it cannot rec- 
ognize the kind of detected vehicle. 

[0009] In addition, when two or more preceding vehicles are running side by side, the conventional radar system 
recognizes these vehicles as one large vehicle. 

[0010] Furthermore, when the subject, or present vehicle is running on a center lane and two preceding vehicles 
so are running respectively on right and left lanes, if the distance to the preceding vehicles is large, although the center 
lane is empty, the radar system sometimes recognizes that one vehicle is running ahead. Therefore, although the 
present vehicle can pass by the preceding vehicles while running the center lane, the present vehicle would be control- 
led to follow the preceding vehicles with a constant vehicle gap, and there is a problem that this behavior would interfere 
the subsequent vehicles and inhibit smoothness of the traffic. 

55 

SUMMARY OF THE INVENTION 

[0011] The first object of the present invention is to provide an object recognition apparatus that can distinguish the 
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kinds of the preceding vehicles or obstacles. 

[0012] The second object of the present invention is to provide an object recognition apparatus which can deter- 
mine, when two or more vehicles are running side by side ahead of the present vehicles, that these are different kind of 
vehicles. 

5 [0013] The third object of the present invention is to provide an object recognition apparatus which can determine, 
when two vehicles are running respectively on right lane and left lane ahead of the present vehicles, that the center lane 
is empty. 

[0014] The first aspect of the present invention is an object recognition apparatus which comprises an antenna 
which emits transmission beams toward a plurality of directions; a receiving circuit which receives reflected signals of 

10 the transmission beams from predetermined directions; a distance and direction calculation circuit which calculates dis- 
tance and direction to objects reflecting the transmission beams based on the transmission beams and the reflected 
signals; an object pattern storage unit which stores range direction patterns of reflected signals obtained in advance 
with respect to predetermined objects; an object recognition circuit which compares range direction patterns of the 
reflected signals received by the receiving circuit with respect to the predetermined directions, with the range direction 

is patterns stored in the object pattern storage unit, and which recognize that a pair of reflected signals from two neigh- 
boring directions are signals reflected by the same object. 

[0015] In this object recognition apparatus, the object pattern storage unit stores range direction patterns of 
reflected signals which are obtained in advance with respect to objects having various shapes. These objects may be 
rear portions of predetermined vehicles, and in this case, it is possible to determine the kinds of preceding vehicles 
20 using the stored range direction patterns. The range direction patterns may be determined based on the length of each 
of the predetermined vehicles, that is, the length of the range direction patterns may be the values corresponding to the 
standard length of the vehicles to be registered. In this case, it is possible to reduce the data amount to be stored in the 
object pattern storage unit while enabling the determination of the kind of vehicles. 

[0016] The transmission beam is preferably FM waves in the range of 60 to 77 GHz. By using FM waves, the dis- 
25 tance to objects can be calculated based on time difference between the transmission and reception of the FM waves, 
and furthermore, relative speed of the object can be determined based on the Doppler shift of the reflected waves. 
[0017] The pluralities of transmission beams are preferably emitted in an angular range of 10 to 20 degrees with 
respect to the forward direction of the antenna. In this case, sufficient information can be obtained in order to drive a 
vehicte on a highway automatically. Several of the transmission beams are preferably three to nine. If the number of 
30 transmission beams is two, it is difficult to obtain a resolving power sufficient for automatic driving of vehicles. The trans- 
mission beams may be pulse radar or laser radar. 

[001 8] The object recognition circuit recognizes that two reflected waves that come from neighboring directions and 
have the same range directional pattern are reflected by the same object. Therefore, such as when a truck and a pas- 
senger car are running side by side, if reflected waves, which come from neighboring directions, have range directional 
35 patterns different from each other, the object recognition circuit can determine that two different vehicles are running 
side by side. 

[0019] In the case where the object recognition circuit is constructed so as to recognize each object in considera- 
tion of the normal widths of various vehicles which are registered in advance in the object pattern storing unit and the 
like, even if, for example, two sedan type cars are running side by side, the object recognition circuit can determine that 

40 two sedan type cars are running side by side. 

[0020] The object recognition apparatus according to the second aspect of the present invention comprises an 
antenna which emits transmission beams toward a plurality of directions; a receiving circuit which receives reflected sig- 
nals of the transmission beams from predetermined directions; a distance and direction calculation circuit which calcu- 
lates distance and direction to objects reflecting the transmission beams based on the transmission beams and the 

45 reflected signals; a frequency computing circuit which calculates frequency spectrums of the reflected signals from pre- 
determined directions; a clustering processing circuit which compares with each other the frequency spectrums of the 
reflected signals obtained with respect to the predetermined directions, and which recognizes that reflected signals 
having similar frequency spectrums are signals reflected by the same object. 

[0021] In this case, if a similar section is found in the frequency spectrums corresponding to two neighboring 
50 reflected signals, the clustering processing circuit performs clustering of the two signals as the signals reflected by the 
same object. In this way, the clustering processing circuit compares reflection spectrums of all neighboring directions, 
and performs clustering of signals that are determined to be reflected by the same object. Thus, this object recognition 
apparatus can recognize that two vehicle are running ahead of the present vehicle even when two different types of 
vehicles are running side by side ahead of the present vehicle. 

55 
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BRIEF DESCRIPTION OF THE DRAWING 
[0022] 

5 FIG. 1 is a block diagram illustrating an object recognition apparatus according to the first embodiment of the 

present invention* 

FIG. 2 is a graph illustrating the relationship between transmission FM waves emitted from an antenna and 
reflected waves reflected by an object. 

FIG. 3 is a graph illustrating the result analyzed by a beat frequency computing circuit. 
10 FIG. 4 is a perspective view illustrating the case where a truck and a passenger car are running side by side ahead 

of the present vehicle. 

FIG. 5 is a graph illustrating range direction patterns that can be obtained in the case shown in FIG. 4. 
FIG. 6A is an illustration showing a range directional pattern corresponding to a passenger car, 
FIG. 6B is an illustration showing a range directional pattern corresponding to a truck. 
15 FIG. 7 is an illustration showing various types of vehicles. 

FIG. 8 is a block diagram illustrating an object recognition apparatus according to the second embodiment of the 
present invention. 

FIG. 9A is a graph showing an example of reflection spectrum stored in a reflected spectrum storage unit in the sec- 
ond embodiment. 

20 FIG. 9B is a graph showing an example of a section of a frequency spectrum corresponding to the reflection spec- 

trum shown in FIG. 9A. 

FIG. 9C is a graph showing a method for comparing the spectrums shown in FIGS. 9A and 9B. 

FIG. 10 is a graph illustrating the clustering process by the second embodiment in the case shown in FIG. 4. 

25 DETAILED DESCRIPTION OF THE INVENTION 

[0023] Hereinafter, the preferred embodiments of the present invention will be explained referring to the figures. 
[0024] FIG. 1 is a block diagram illustrating the first embodiment of the present invention. In FIG. 1 , a FM wave gen- 
erating circuit 10 generates FM waves having a frequency of about 77 GHz in the millimeter wave band. By using mil- 
30 limeter wave, it is possible to set a maximum measurable distance to several hundred meters when searching a target 
such as a preceding vehicle or an opposing car, and to prevent the emitted wave from propagating more than need be 
to the distance, due to a large propagation attenuation factor of this wave band. 

[0025] The FM waves Tx generated by the FM wave generating circuit 10 is transmitted to an antenna 30 via a cir- 
culator 35 and an antenna switching unit 40. The antenna 30 may be an offset defocus parabolic multi-beam antenna 

35 which comprises a common parabolic reflecting mirror and a plurality of (for example, four) primary active elements 
arranged at the vicinity of the focal point of the reflecting mirror so that the primary active elements face the reflecting 
mirror at angles being different from each other. The antenna switching unit 40 supplies the amplified FM waves to one 
of the primary active elements while switching the primary active elements by turns. Thus, the antenna 30 emits trans- 
mission beams toward a plurality of directions in a scanning manner. 

40 [0026] A mixer 50 is connected to the circulator 35 to receive reflected waves Rx reflected by objects such as pre- 
ceding vehicles, opposing vehicles, protective walls, and obstacles, and functions as a receiving circuit. Also, the mixer 
50 mixes a part of the FM waves generated by the FM wave generating circuit 10 and the received reflected waves, and 
outputs beat signals. The beat signals output by the mixer 50 are input to a beat frequency computing circuit 60, and is 
subjected to analog-digital conversion. The beat frequency computing circuit 60 comprises a fast Fourier transform 

45 (FFT) circuit (not shown), and this FFT circuit converts the digital signal to a frequency spectrum and further calculates 
a beat frequency. Based on the beat frequency calculated by the beat frequency computing circuit 60, a distance cal- 
culation circuit 70 calculates the propagation delay time of the FM waves, and determines the distance AL between the 
antenna 30 and the object reflecting the FM waves. 

[0027] An object pattern storage unit 80 is provided to store range direction patterns of reflected signals which are 
so obtained in advance with respect to objects having various shapes. The range directional pattern of a reflected signal 
is a frequency spectrum obtained by emitting FM waves toward an object from the antenna 30, receiving the reflected 
FM waves by the antenna 30, and converting the received signal to the frequency spectrum by the mixer 50 and the 
beat frequency computing circuit 60. The object to be registered may include preceding vehicles, opposing vehicles, 
trucks, buses, motorcycles, bicycles, pedestrians, structures in side strips, structures in medial strips, accesses and 
55 exits of tunnels, and branching strips in interchanges. 

[0028] The object pattern storage unit 80 is connected to an object recognition circuit 90, which is connected to the 
beat frequency computing circuit 60. This object recognition circuit 90 compares a range direction pattern obtained from 
each reflected signal received by the mixer 50 with respect to each of the transmit directions, with range direction pat- 
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terns stored in the object pattern storage unit 80, and determines what object reflected each FM wave. Furthermore, 
the object recognition circuit 90 compares the objects assumed with respect to the neighboring transmit directions, and 
determine if the FM waves were reflected by the same object. Thus, the object recognition circuit recognizes that two 
reflected waves that come from neighboring directions and have the same range directional pattern are reflected by the 
5 same object. 

[0029] Next, the operation of the above apparatus will be explained. FIG. 2 is a graph illustrating FM waves emitted 
from the antenna 30 and reflected waves reflected by an object. The FM waves transmitted from the antenna 30 are 
ramp waves in which the frequency T is monotonously increased during one cycle x and the output intensity is constant 
during one transmit cycle. The waves reflected by an object are received when a delay time At has passed from the 

10 transmittance of the FM waves, and this delay time At is proportional to the distance from the antenna 30 to the object. 
The frequency of the reflected waves is shifted by a frequency Af from that of the transmission waves which are trans- 
mitted at that moment, and this differential frequency Af is proportional to the delay time. Therefore, in a period in which 
the reflected waves and the transmitted wave are superimposed, a beat signal having a frequency Af is generated. 
[0030] FIG. 3 illustrates an example of the frequency analysis performed by the beat frequency computing circuit 

15 60. As shown in this figure, the beat frequency computing circuit 60 detects peaks of the received wave level with 
respect to beat frequency. The beat frequency Af corresponds to the distance from the antenna 30 to the object. The 
received wave level corresponds to the strength of the reflected waves, and depends on the shape and the reflection 
factor of the reflecting object. 

[0031] FIG. 4 illustrates a case where a truck and a passenger car are running as preceding vehicles. The antenna 

20 30 is placed at point "O", and the antenna 30 emits forward nine transmission beams along directional channels 1 to 9 
in an angular range of 10 to 20 degrees with respect to the forward direction of the antenna 30. Preferably, the angle 58 
between two neighboring beams are 2 to 5 degrees. In this figure, the vehicle provided with this object recognition appa- 
ratus is running along the center directional channel 5. Although it is easy for the driver of this vehicle to recognize that 
a truck and a passenger car are running while adjoining to each other, the object recognition apparatus recognizes this 

25 condition by the following process. 

[0032] FIG. 5 illustrates range direction patterns obtained with respect to the directional channels 1 to 9 in the con- 
dition shown in FIG. 4. The reflected signals from the directional channels 3 and 4 are the signals reflected by the truck, 
and the reflected signals from the directional channels 2 and 5 are due to side lobes of the antenna 30. Furthermore, 
the reflected signals from Ihe directional channels 6 and 7 are the signals reflected by the passenger car, and the 

30 reflected signals from the directional channels 5 and 8 are due to side lobes of the antenna 30. 

[0033] The distance calculation circuit 70 calculates weighted average angle 0 by averaging the directional angles 
weighed by the levels of the reflected waves, and outputs the angle 0 as the direction of the detected object. For exam- 
ple, the distance calculation circuit 70 calculates the directional angle of the truck using the directional angles G 2 , 63, 
and 9 4 , and the levels L2, L3, and L4 of the reflected waves obtained with respect to the directional angles 6 2 . 63. an d 

35 0 4 , in accordance with the following formula: 

0 = (L2 - 9 2 + L3 • 9 3 + L4 • 0 4 )/(L2 + L3 + L4) (1) 

[0034] FIGS. 6A and 6B respectively illustrate the range directional patterns of the reflected waves of a truck and a 
40 passenger car. Because the passenger car shown in FIG. 6A has a sedan type shape (three box shape), the FM waves 
are reflected by the rear end face, where a rear license plate is fixed, and the rear window, when the passenger car is 
running ahead of the present vehicle. The reflected waves reflected by the rear end face of the passenger car appears 
in the range directional pattern as a high narrow peak, and the reflected waves reflected by the rear window appears 
as a low flat peak due to the inclination of the rear window. In contrast, because the truck has a large upright wall as an 
45 entrance to the cargo space at the rear end thereof, as shown in FIG. 6B, the reflected waves reflected by the rear wall 
appears as a single high and narrow peak. 

[0035] FIG. 7 illustrates variations of preceding vehicles. When a bus (a1), a trailer (a2), a truck (a3), or a van (a4) 
is running ahead, a range directional pattern having a single narrow peak is obtained. With respect to a van (b) having 
a sloped rear end, a range directional pattern having a single, but broad peak is obtained. With respect to a three box 

so style passenger car (c) and a truck (d) without a cover over its bed, a range directional pattern having two peaks is 
obtained. These range directional patterns are stored in advance in the object pattern storage unit 80. 
[0036] The object recognition circuit 90 compares each of the range directional patterns of the directional channels 
1 to 9 shown in FIG. 5 with the various range directional patterns stored in the object pattern storage unit 80, and deter- 
mines that a truck and a passenger car are running ahead side by side. 

55 [0037] The above first embodiment comprises an object pattern storage unit 80 for storing frequency spectrum pat- 
terns of reflected signals as range directional patterns obtained in advance with respect to various types of vehicles. In 
contrast, the next second embodiment does not use such an object pattern storage unit 80. 
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SECOND EMBODIMENT 

[0038] FIG. 8 is a block diagram illustrating a second embodiment of the present invention. In FIG. 8, elements hav- 
ing the same functions as those shown in FIG. 1 are attached with the same reference numbers, and explanation 
5 thereof will be omitted. 

[0039] In this embodiment, a reflected spectrum storage unit 100 is connected to the beat frequency computing cir- 
cuit 60, so as to store the frequency spectrum obtained by the beat frequency computing circuit 60 with respect to each 
of the directional channels 1 to 9. A clustering processing circuit 1 10 is connected to both the beat frequencies comput- 
ing circuit 60 and the reflected spectrum storage unit 100. This clustering processing circuit 110 compares the fre- 

10 quency spectrums of the neighboring directional channels transmitted from beat frequency computing circuit 60 and the 
reflected spectrum storage unit 100, and determines that the two reflected signals were generated by the same object 
if the two frequency spectrums have the patterns similar to each other. In this embodiment, the reflected spectrum stor- 
age unit 100 functions as a buffer for absorbing the difference between the processing rates of the beat frequency com- 
puting circuit 60 and the reflected spectrum storage unit 100. However, if such a problem does not occur, the reflected 

is spectrum storage unit 100 can be omitted. 

[0040] The operation of this apparatus will now be explained. In the case where a vehicle provided with this object 
recognition apparatus is running as shown in FIG. 4, this apparatus detects frequency spectrums of beat signals such 
as shown in FIG. 5 in a polar coordinate, as well as the first embodiment. 

[0041] Next, in this second embodiment, a section of the frequency spectrum corresponding to one of the direc- 
20 tional channels 1 to 9 is extracted from the frequency spectrum as a reflection spectrum of a single object, and the 
reflection spectrum is stored in the reflected spectrum storage unit 100. FIG. 9A illustrates an example of the reflection 
spectrum L3 extracted from the frequency spectrum corresponding to the directional channel 3. 

[0042] Next, the clustering processing circuit 1 1 0 determines whether the frequency spectrum corresponding to the 
subsequent directional channel contains a section which has a shape similar to that of the stored section and which 
25 appears in the similar frequency band. This frequency band has a width corresponding to the entire length of the 
detected vehicle. For example, FIG. 9B illustrates reflection spectrum L4 extracted from the frequency spectrum corre- 
sponding to the directional channel 4, and in this case, the determination will be "YES." 

[0043] If a similar section is found, as shown in FIG. 9B, in the frequency spectrum corresponding to the subse- 
quent directional channel, the clustering processing circuit 110 performs clustering of the two frequency spectrums as 
30 the signals reflected by the same object. This clustering is a process for associating a plurality of signals, which was 
reflected by the same object, with each other. 

[0044] In the case where the two similar reflection spectrums (for example, L3 and L4) do not completely coincide, 
as shown in FIG. 9C, the clustering processing circuit 110 calculates the differential area between two reflection spec- 
trums, and, if the differential area is smaller than a predetermined threshold, the clustering processing circuit 1 10 deter- 
35 mines that the two reflection spectrums are derived from the same object and performs the above clustering of the two 
signals. 

[0045] In this way, the clustering processing circuit 1 1 0 compares reflection spectrums of all neighboring directional 
channels in whole possible frequency ranges, and performs clustering of signals which are determined to be reflected 
by the same object. FIG. 10 illustrates the case where the reflection spectrums L2 to L4 are classified as cluster 1 , and 
40 the reflection spectrums L5 to L8 are classified as cluster 2. Thus, this object recognition apparatus recognizes that two 
vehicle are running ahead of the present vehicle. 

[0046] With respect to each of the clusters 1 and 2, the distance calculation circuit 70 calculates the direction and 
the width of each detected object. Thus, the positions of the objects can be located in a two-dimensional radar map. 
[0047] Although the cluster 2 corresponds to four directional channels 5 to 8, the clustering processing circuit 110 
45 may exclude the spectrums of both side's directional channels 5 and 8 as being generated by side lobes of the antenna 
30 in consideration of the width of vehicles. 

[0048] In addition, by calculating the Doppler shift of the reflected waves, it is easy to measure the velocity of the 
object corresponding to each cluster and to determine whether the object is static or not. 

[0049] Moreover, a navigation system or apparatus may be additionally provided in the vehicle comprising this 
50 object recognition apparatus. In this case, the prospective running route of the vehicle can be presumed based on 
velocity and yawing rate of the present vehicle. Therefore, by superimposing the prospective running route and the two- 
dimensional mapping of the detected object, it is possible to actualize a vehicle follow-up control system or a radar brak- 
ing system. 

[0050] In the second embodiment, because the clustering processing circuit 110 can classify reflected signals for 
55 each detected object without using frequency spectrum patterns stored in advance, it is not necessary to measure in 
advance the frequency spectrum patterns of reflected signals with respect to various types of vehicles, and further- 
more, it is possible to precisely recognize novel objects. 
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OTHER MODIFICATIONS 

[0051] In the first embodiment, the object recognition circuit 90 recognizes the preceding vehicles only by compar- 
ing the range direction patterns of the reflected signals reflected by the vehicles from with the range direction patterns 

5 stored in the object pattern storage unit 80. However, the present invention is not limited to this construction, but the 
object recognition circuit 90 may additionally determine the size of each detected vehicle and recognize the spatial rela- 
tionship between the present vehicle and the preceding vehicle. In this case, for example, when the present vehicle is 
running on the center lane and two preceding vehicles are running respectively on the right lane and the left lane, the 
object recognition circuit 90 can recognize that the two preceding vehicles are not running on the center lane based on 

w the sizes of the preceding vehicles. Thus, the present vehicle can outstrip the preceding vehicles while running on the 
center lane, or the present vehicle can transfer to the right or left lane in order to allow the subsequent vehicles to pass. 
Therefore, the smoothness of the traffic can be improved. 

[0052] Furthermore, in the present invention, pulse radar or laser radar may be used as the transmission beams 
instead of FM millimeter waves used in the embodiments, in order to obtain the same effects. 

is [0053] This invention relates to an object recognition apparatus. This apparatus comprises an antenna (30) which 
emits transmission beams toward a plurality of directions; a receiving circuit which receives reflected signals of the 
transmission beams from predetermined directions; a distance and direction calculation circuit (60, 70) which calcu- 
lates distance and direction to objects reflecting the transmission beams based on the transmission beams and the 
reflected signals; an object pattern storage unit (80) which stores range direction patterns of reflected signals obtained 

20 in advance with respect to predetermined objects; an object recognition circuit (90) which compares range direction pat- 
terns of the reflected signals received by the receiving circuit with respect to the predetermined directions, with the 
range direction patterns stored in the object pattern storage unit (80), and which recognize that a pair of reflected sig- 
nals from two neighboring directions are signals reflected by the same object. 

25 Claims 

1. An object recognition apparatus comprising: 

An antenna (30) that emits transmission beams toward a plurality of directions; 
30 A receiving circuit that receives reflected signals of the transmission beams from predetermined directions; 

A distance and direction calculation circuit (60. 70) which calculates distance and direction to objects reflecting 
the transmission beams based on the transmission beams and the reflected signals; 

An object pattern storage unit (80) which stores range direction patterns of reflected signals obtained in 
advance with respect to predetermined objects; 
35 An object recognition circuit (90) which compares range direction patterns of the reflected signals received by 

the receiving circuit with respect to the predetermined directions, with the range direction patterns stored in the 
object pattern storage unit (80), and which recognize that a pair of reflected signals from two neighboring direc- 
tions are signals reflected by the same object. 

40 2. An object recognition apparatus according to claim 1 , wherein the object pattern storage unit stores range direction 
patterns of reflected signals obtained in advance with respect to rear portions of predetermined vehicles. 

3. An object recognition apparatus according to claim 1 , wherein the object pattern storage unit stores range direction 
patterns of reflected signals obtained in advance with respect to predetermined vehicles, and the range direction 

45 patterns are determined based on the length of each of the predetermined vehicles. 

4. An object recognition apparatus according to claim 1 . wherein the object recognition circuit determines the direc- 
tion to a detected object by calculating the position of center of gravity based on the range direction patterns which 
are recognized as those generated by the same object. 

50 

5. An object recognition apparatus according to claim 1 , wherein the object recognition circuit recognizes that a pair 
of reflected signals from two neighboring directions are signals reflected by the same object using size of vehicles 
as references. 

55 6. An object recognition apparatus according to claim 5, wherein the object recognition circuit recognizes that two or 
more of the same kind of vehicles exist side by side, in the case where range direction patterns of a pair of reflected 
signals respectively obtained with respect to two neighboring directions are the same, and when a detected size is 
larger than a vehicle's size stored in advance. 
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An object recognition apparatus comprising: 

An antenna (30) that emits transmission beams toward a plurality of directions; 

A receiving circuit that receives reflected signals of the transmission beams from predetermined directions; 
A distance and direction calculation circuit (60, 70) which calculates distance and direction to objects reflecting 
the transmission beams based on the transmission beams and the reflected signals; 

A frequency computing circuit (60) this calculates frequency spectrums of the reflected signals from predeter- 
mined directions; 

A clustering processing circuit (110) which compares with each other the frequency spectrums of the reflected 
signals obtained with respect to the predetermined directions, and which recognizes that reflected signals hav- 
ing similar frequency spectrums are signals reflected by the same object. 
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